INTRODUCTION
Type 2 diabetes is a worldwide epidemic, and its prevalence is growing, creating a global healthcare burden. According to the International Diabetes Federation, the number of people aged 20-79 years with diabetes in 2011 globally was estimated to be 366 million, and this figure is expected to rise to 552 million by 2030 . Improvements of diabetes control can be attributed to the successful introduction of the Diabetes Medical Benefits Improvement Project and the subsequent implementation of a pay-for-performance scheme in a diabetes shared care program 4, 5 . However, the percentage of patients attaining their goal is still low. The diabetes shared care program provides patients with diabetes self-management education at every clinic visit. To effectively manage individuals with type 2 diabetes, appropriate education, lifestyle modification, medication treatment and blood glucose monitoring are all required for effective management. Education is the foundation of care for all diabetes patients who want to achieve successful healthrelated outcomes 6 . Diabetes self-management education (DSME) can be delivered one-on-one or in a group. Group-based DSME has the added advantage of enabling patients to meet each other and discuss issues. Educational programs are complex interventions where it is often difficult to define the 'active ingredient' framework 7 . Studies have compared the effects of group-based DSME, and owing to considerable variation in the content and forms of DSME, no standardized description of the intervention can be provided [7] [8] [9] [10] . There are no reviews currently published that have identified the most effective and comprehensive format for diabetes self-care education.
The American Association of Diabetes Educators Self-Care Behaviours TM framework (AADE7) consists of seven factors essential for self-management: healthy eating, physical activity, taking medications, monitoring, problem solving (related to diabetes self-care), reducing risks of acute and chronic complications, and psychosocial aspects of living with diabetes 11 . The Diabetes Conversation Maps TM (CM TM ) are a series of educational tools; together they comprise an innovative education method that emphasizes interactive group participation to empower people with diabetes to become actively involved in managing their disease. The educational tool program is now used in many countries, and it was launched in Taiwan in 2010 in partnership with the Taiwanese Association of Diabetes Educators. However, to date, its effectiveness has not been rigorously evaluated. The primary objective of the present study was to examine glycemic control in suboptimally controlled type 2 diabetes provided by a structured education group by comparing outcomes obtained using the CM TM method vs usual care (UC) in the primary care diabetes clinic of a universitybased hospital. The secondary outcome was adherence of selfcare behavior after receiving the education, using the AADE7 TM patient self-assessment and a goal attainment assessment.
MATERIALS AND METHODS

Study Design
The present randomized, pragmatic clinical trial was carried out in type 2 diabetic patients randomly assigned to structured education or UC groups. In the structured education group we used the CM TM to provide patient education. The study was approved by the ethics committee of Chung Shan Medical University Hospital, and complies with the Helsinki Declaration. All participants provided written informed consent before enrollment.
Study Setting and Patient Population
The trial was carried out at two diabetes clinics in central Taiwan. Participants with type 2 diabetes treated with an oral antidiabetic drug with or without insulin, aged 20-70 years and with HbA1c more than 7.0% were eligible for enrolment. We excluded participants if they were pregnant, breastfeeding or intended to become pregnant, had psychotic disorders, or were participating in another research study. All Taiwan citizens are covered by national health insurance. Primary care for diabetes is provided by general practitioners (GPs) and diabetologists. Diabetes education is often provided by diabetes clinic specialists according to the standards of care of the Diabetes Shared Care System. Participants with type 2 diabetes were randomly assigned to two arms: the UC arm or intervention arm, which involves attending a structured group education program using CM TM over a 12-week period. Eligible patients were referred to diabetes education, where the participants were randomized according to sequence of visit (first participant, assigned to the CM group; second participant, assigned to the UC group and subsequently). Those who were randomized to the CM TM program were invited by our diabetes educators or physicians to participate in the education program. The allocation of the participants to the intervention or UC group is shown in Figure 1 .
Group Diabetes Education Program Using CM TM
The program was delivered in four 1-2-h sessions every week, facilitated by one certified diabetes educator in each group. The CM TM program consists of illustrated maps measuring 3 9 5 feet that are used as a resource to engage small groups of three to 10 patients with an interactive verbal and visual learning experience. Participants were allowed to share personal knowledge and experiences. In addition, competence and self-determination should be promoted, and the consequences of behaviors should be identified and discussed. The themes delivered were: 
UC Group
Participants in the UC group did not receive group education. They were all treated under the Diabetes Shared Care System, which provides standardized diabetes care. The care provided includes medical history assessment, physical examination, laboratory evaluation, management plan evaluation, as well as diabetes self-management education (such as instruction on nutrition, diet, exercise, medication, complication prevention and self-monitoring of blood glucose). UC was managed by a diabetes team including diabetologists or GPs, and certified diabetes educators (nurses and dietitians). Diabetes patient education is usually provided on an individual as-needed basis, using a preprinted case report book containing predefined scheduled visits, assessment items and treatment targets. Participants were scheduled for individual sessions every clinic visit, and the time spent on education was dependent on individual need. Occasionally, traditional group education was also provided.
Data Collection and Outcome Measurement
The primary end-point was the change in HbA1c levels from baseline to 12 months. Secondary end-points included the following: changes in fasting plasma glucose; percentage of HbA1c <7% achieved; and self-care behavior assessment. All data regarding general medical history and diabetes history were collected by the participants' physicians. Data for all patients entering the study were collected at baseline, the third, sixth, ninth and 12th month. Biomedical data were collected at clinic visits.
All recruited participants were required to complete a questionnaire investigating behavior attitudes. We used the initial patient self-assessment and follow-up patient self-assessment to assess self-care behavior achievements. The Perceived Diabetes Self-management Scale was used to assess behavior attitudes, lifestyle questions and illness perception. Answers were given on a five-point Likert scale, ranging from 'strongly disagree' to 'strongly agree', from 'all of the time' to 'none of the time', or from 'extremely worried' to ' not worried at all'. Questionnaire data were collected from participants at the beginning of the study and at the third month.
Statistical Analysis
Power analysis using the effect size was calculated by a difference of 0.5% in HbA1c levels. The study was designed to have a 95% power to detect this difference. This was determined using a two-sample t-test (two-sided, a = 0.05), assuming a common standard deviation of 1.5%. In the present study, 195 patients were required to achieve the specified statistical power. Allowing for a 20% dropout rate, 215 participants were therefore required in the present study.
All statistical analyses were carried out with SPSS software, version 14.0 (SPSS, Chicago, IL, USA). Primary outcome was analyzed on an intention-to-treat (ITT) basis including all randomized patients. The data analysis set included participants who were enrolled at the beginning of the study. Dropouts and missing data as a result of failure to comply with the measurement protocol were replaced with the immediately preceding values. Primary outcome was also analyzed in the per protocol (PP) population, consisting of all randomized patients who completed the study and attended at least two sessions of group education. Demographic data and efficacy variables at baseline and follow-up visits were summarized for all patients using contingency tables for qualitative variables (such as sex, education and treatment group). The comparisons of changes from baseline to follow-up visits between the two groups were repeated by v 2 -test or Student's t-test. All changes between the groups were evaluated by analysis of paired t-test. All tests of intervention effects were carried out at a two-sided significance level of 0.05 unless otherwise stated.
RESULTS
Of the 250 screened patients, 237 were eligible and were randomized to the UC group (n = 116) or CM TM (n = 121) group (Figure 1) . Table 1 lists the baseline characteristics of all participants. The mean age was 58.99 -13.51 years, and mean duration of diabetes was 10.14 -6.94 years; 46% of the patients were women, and the percentage of patients with an education level of junior school education or higher was 46%. Overall mean HbA1c was 9.53 -2.05% at baseline. There were no significant differences in demographic characteristics between the two groups. The demographic characteristics between PP and ITT were not different, except for a slightly higher proportion of HbA1c >9% in the CM TM per-protocol group. The most common reason given by patients for not attending the group education was lack of time or the patient's diabetes knowledge has already improved. The attendance rate of at least two sessions of CM TM group education was 68.7%. The mean number of participants who actually attended the CM TM group sessions was eight (range 6-13).
Changes in HbA1c
There were significant improvements in glycemic outcomes from baseline to 3, 6 and 12 months in the CM TM group, as compared with the UC group. In the ITT population as well as in PP population, both groups showed reductions in HbA1c level (Figure 2) . However, over the course of the 12-month period, the CM TM group participants in the PP population had greater reductions in HbA1c than the UC group participants in the PP population. The difference between treatment groups showed a significant absolute reduction of HbA1c in the CM TM group at 3 and 6 months (D = -0.59% and D = -1.13%, P < 0.01), but the difference was no longer statistically significant at 9 and 12 months (D = -0.43% and D = -0.49%), based on an intent-to-treat analysis. However, the per-protocol analysis showed a significant change persisted at 12 months (D = -0.67%). The percentage of participants who achieved HbA1c below 7 and 6.5% is shown in Figure 3 (42% vs 19%, CM TM and UC group, respectively, P < 0.01). For those who attended only one session (n = 39), the HbA1c reduction was 0.93 -0.29, compared with those who attended more than two sessions, 1.90 -0.22. The percentage of patients who had a change of treatment was similar in both groups (54% vs 45%, CM TM and UC group, respectively). The OAD change for SU was 71.4-50% and 73.1-49.1% for the CM and UC groups, respectively; for metformin it was 76.2-73.8%, and 63.6-68.5% for the CM and UC groups, respectively. For insulin treatment, premix insulin use was 11.2% greater in the UC group, compared with the CM group. The most common changes were adjustments of insulin doses. The change in insulin dose in the CM TM group was from 0.26 to 0.32 unit/kg/day, and in the UC group from 0.24 to 0.35 unit/kg/day (not significant between groups).
Other Metabolic Parameters and Behavioral Outcomes
As shown in Figure 2 | Mean change of glycated hemoglobin (HbA1c) from baseline to 3, 6, 9 and 12 months. Mean differences in change -standard error of the mean. *P < 0.05, between groups; ¶P < 0.05 within group. CM, structured education with conversation map; ITT, intention-to-treat; PP, per-protocol UC, routine usual care education. UC group. Blood pressure and bodyweight did not show any significant changes between the two groups. Using patient selfassessment to assess self-care behavior achievements, there was a significant improvement in the CM TM group compared with the UC group. There were particular improvements in being active, problem-solving, reducing risk and health coping (Figure 4) . In the CM TM education group, the results of the Perceived Diabetes Self-Management Scale questionnaire showed that attitude toward diabetes care significantly improved at the third month, with higher scores in items relating to positive attitude and lower scores for items measuring negative attitude, whereas the UC group showed no significant change (Table 2) .
DISCUSSION
The present results showed that patients with a diabetes duration of 10 years and suboptimal HbA1c under routine usual care had greater improvements in their HbA1c and self-care behavioral outcomes if they were educated with a structured education model using CM TM compared with outcomes of patients who received usual care. Outcomes that improved significantly included glycemic control, which paralleled secondary psychosocial and behavioral outcomes. The present findings were consistent with those of similar studies investigating the efficacy of structured group education compared with usual care 12, 13 . In studies comparing group and individual education, a similar effect on HbA1c was achieved with both approaches 9, 14 . In the aforementioned trials, there were reductions in HbA1c values of 0.6-1.49% in follow-up periods of 4 months-4 years. In addition to glycemic outcomes, improvements in psychosocial outcomes were also shown. However, there have only been a few studies CA carried out on CM TM , despite its availability in many countries. The only study comparing individual and group education using CM TM and usual care was carried out at ABQ Health Partners in New Mexico and Health Partners Medical Group in Minnesota. That study showed that individual education resulted in better glucose control outcomes than group education using CM TM . The study population comprised 65% Hispanic patients and HbA1c reductions of 0.27 and 0.5% were achieved in group and individual education, respectively, with baseline HbA1c levels of 8.0%. The completion rate in the patients that attended group education was lower than that of patients that received individual education 15 . Another study carried out in Carpi, Italy, which did not use comparators, showed improved glycemic control with HbA1c reduction of 0.5% after 3 months' follow HbA1c < 7% HbA1c < 6.5% Figure 3 | Proportion of patients achieving glycemic response with glycated hemoglobin (HbA1c) ≤7.0 and ≤6.5% at 12 months in the intention-to-treat population. *P < 0.05, between groups; ¶P < 0.05 within group. CM, structured education with conversation map; UC, routine usual care education. The only difference was the ethnicity of the study population, as all of our participants were East Asians (Taiwanese). The present study showed a slightly greater improvement in glycemic outcome. There are several possible explanations for this finding. First, we incorporated the AADE7 self-care behaviors assessment tool into CM TM , which could reinforce the behavioral achievement goals. Second, ethnic and cultural differences might have influenced a number of factors affecting glycemic control. Third, there was a higher attendance rate in the present study, which possibly contributed to better glycemic outcome. A recent study did not show any glycemic efficacy in the group education using CM TM because of its high drop-out rate 17 , showing a possible correlation between attendance rate and glycemic outcome. Research evidence has shown that individual or group health-related education does not suit everyone, and alternatively structured education programs need to be available to account for the needs of a diverse population 18 . Traditional approaches to health behavior change delivered by a diabetes educator or physician could undermine a patient's autonomy, thereby generating resistance. However, during the period of instruction with the CM TM model, the researchers noted that the patients showed greater active participation in the instruction sessions than those who received education through the traditional model. The empowerment, discovery learning and support from others provided by the CM TM in our Asian population appeared to have a greater impact than in other populations. A study carried out in Japan showed a reduction in HbA1c of 2.0% in a 3-month intervention with 83 patients 19 . Furthermore, the educational effects of CM TM depend on the skills of the facilitators, as shown by the Japanese review 20 . The facilitators in Taiwan were also trained by expert trainers in collaboration with the Taiwan Association of Diabetes Education.
Empowerment cannot be given or taught; it is a process that people must engage in for themselves. The role of healthcare professionals is to enable patients to acquire knowledge and confidence, and to make informed choices about their actions and activities 21 .
No published empirical study has tested the empowerment model in its entirety. Through the use of CM TM , the participants in the present study were encouraged to participate actively in the learning process, and to discuss their feelings toward living with their condition and the effect it has on their day-to-day lives. Therefore, the effectiveness of the CM TM Program might be due to the extent to which patients developed the skills, knowledge, and confidence to identify and address their own problems with respect to diabetes self-management. The precise mechanism of action is likely to involve a combination of all these components and possibly other, as yet unidentified factors, such as cultural and psychosocial factors that might also play a role. It is possible that the intervention was effective solely the result of the 4-8 h of contact time. However, even if the success of the intervention was due, in part, to the length of contact time, it would be a cost-effective and realistic strategy compared with delivering 12 h of structured education to patients on an individual basis 13 . It has previously been shown that when patients receive the same structured diabetes education delivered over the same time period, on either a one-to-one or group basis, the group intervention was still more effective 22 . We do not follow a specific treatment protocol at every visit. Changes in medication were decided by the physician. Therefore, treatment changes could also have affected the results.
The present findings suggest that a structured education using the CM TM program can probably be generalized to the majority of people with type 2 diabetes for the following reasons: (i) the present CM TM study was a randomized control trial with minimum exclusion criteria; (ii) only type 2 diabetes patients with the same healthcare access backgrounds were recruited; and (iii) the present study was delivered under normal conditions within primary care. The patient population in the present study was representative of long-term type 2 diabetics with suboptimal glycemic control worldwide. The background of routine care was the same in all patients, as they all had national health insurance coverage, and received standard care for diabetes in accordance with national guidelines. Though the patients received brief oneon-one education visits quarterly, some input was still required to achieve changes in self-care behavior. We believe that with additional input using the CM TM approach discussed herein, patients will be able to achieve adequate glycemic control.
In conclusion, the application of the CM TM education program in conjunction with the AADE7 behavioral tool was more effective in lowering HbA1c than was usual care at 3 and 6 months in all patients and at 12 months in patients who had completed at least two sessions of the CM TM program. Incorporating the CM TM education program into the usual care of patients with suboptimally controlled glucose could improve their glucose control and achieve self-care behavioral goals.
